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(54) Detecting targets and 

suppressing clutter in radar 

(57) A method of recognising targets 
and suppressing spurious signals in 
radar equipment, in which the 
surveillance area is divided in azimuth 
and range, into a plurality of radar cells, 
comprises ordering the echo signal 
amplitude values for various radar cells 
in the neighbourhood of the cell under 
consideration in accordance with their 
magnitude, deriving a threshold value 
from one or more values situated in one 
or more specific positions in the 
sequence, and comparing the echo 
signal amplitude value for the cell under 
consideration with the threshold; a 
target is assumed to be present if the 
former is greater than the latter. 

Consequently, large areas of clutter 
are su pressed allowing small targets to 
be seen. 
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SPECIFICATION 

A method of and a device for recognising targets and 
suppressing spurious signals in radar equipment 

5 

The invention relates to a method of suppressing 
spurious signals in radar equipment and a device for 
carrying out the method. 
The surveillance region of radar installations is 
10 generally divided, in azimuth and range, into a 
plurality of radar cells. For each radar cell there is an 
echo signal which is obtained by scanning the echo 
received by the aerial. To produce a decision as to 
whether the echo is a target or a disturbance, methods 

15 are used in radar signal processing whereby the 
average disturbance power is estimated locally and 
adaptively and whereby a constant and very low false 
alarm rate (constant-false-alarm-rate, CFAR) can be 
set as a result. A method frequently used calculates 

20 the arithmetic mean value from the amplitude values 
in the particular environment of the cell under test and 
derives a decision threshold therefrom. If the ampli- 
tude va I ue in the eel I u nder test exceeds th is t h resh old 
value, the echo is recognised as a target, otherwise it is 

25 a disturbance. Behind this method is the implicit 
assumption that a statistically uniform disturbance 
process exists in the particular environment. 

If echoes from two targets situated close together 
are present in the radar field, it can happen, when 

30 using this method of estimating, that the arithmetic 
means value rises greatly in the environment under 
consideration as a result of the target echoes and both 
target reports are cut out as a result of the threshold 
value derived from the environment. 

35 The present invention seeks to provide a method 
and a device for suppressing spurious signals which 
take into consideration the distribution of the echo 
amplitudes in the environment of the particular eel I 
examined. 

40 According to a first aspect of the invention, there is 
provided a method of recognizing targets and sup- 
pressing spurious signals in radar equipment in which 
the surveillance area is divided, in azimuth and range, 
into a plurality of radar cells, and the echo signal of 

45 each radar cell is compared with an amplitude 

threshold value which is derived from the echo signals 
of the radarcells which tie in a predetermined 
neighbourhood of the cell under consideration, 
wherein the amplitude values of the echo signals from 

50 the neighbouring cells are stored and arranged in 
order of magnitude and at a value situated at a specific 
location in this sequence of values is selected for the 
derivation of the threshold value. 

Further according to this aspect of the invention, 

55 there is provided a method of recognizing targets and 
suppressing spurious signals in radar equipment in 
which the surveillance area is divided, in azimuth and 
range, into a plurality of radarcells, and the echo 
signal of each radar cell is compared with an 

60 amplitude threshold value which is derived from the 
echo signals of the radarcells which lie in a 
predetermined radial and/or azimuthal neighbour- 
hood of the cell under consideration, wherein a 
plurality of component regions are formed from the 

65 radarcells in the predetermined neighbourhood, the 



amplitude values of the radar cells within each 
component region are each stored and arranged in a 
rank sequence according to magnitude, one or more 
values situated at one or more specific locations in the 
70 particular rank sequence are selected, the selected 
values are in turn sorted according to magnitude into a 
value sequence and a value situated at a fixed location 
in this value sequence is used to derive the threshold 
value. 

75 According to a second aspect of the invention, there 
is provided a device for recognizing targets and 
suppressing spurious signals in radar equipment in 
which the surveillance area is divided, in azimuth and 
range, into a plurality of radarcells, wherein the device 
80 comprises comparison means for comparing the echo 
signal of each said radar cell with a threshold value, 
rank arranging means for arranging amplitude values 
of the echo signals of radar cells in a predetermined 
neighbourhood of the said radar cell to be compared, 
85 in order of magnitude as a sequence of values and 
threshold value deriving means for deriving said 
threshold value from a value situated in a specific 
location in said sequence of values. 
Further according to this aspect of the invention, 
90 there is provided a device for recognizing targets and 
suppressing spurious signals in radar equipment in 
which the surveillance area is divided, in azimuth and 
range, into a plurality of radar cells, wherein the device 
comprises a comparator for comparing the echo 
95 signal of each radar cell with a threshold value means 
for forming component regions from radarcells in a 
predetermined neighbourhood of the radar cell to be 
compared, a separate rank arranging device for each 
component region, for arranging the amplitude values 

1 00 of the echo signals from the radar cells of the 

particular component region according to their mag- 
nitude and a one dimensional store for receiving said 
arranged amplitude values and out of which the 
values selected stored at one or more specific store 

1 05 locations are made available, a sorting device which 
sorts out the selected values according to magnitude, 
a further store for receiving the sorted values and a 
reading device for reading the amplitude value stored 
in a predetermined location of said further store out of 

110 this location for use in determining said threshold 
value. 

Still further according to this aspect of the invention, 
there is provided a method of recognizing targets and 
suppressing spurious signals in radarequipment 
115 substantially as described herein with reference to the 
drawings. 

The method of the invention makes use of so-called 
ordered statistics. Individual powerful disturbances or 
targets in the vicinity of the cell examined practically 

1 20 do not have any effect on the estimated value for the 
disturbance power from which the threshold value for 
the target decision is derived. 

Accordingly only one amplitude value from the 
environment is used to derive the decision threshold. 

125 The amplitude values from the environment ex- 
amined are arranged according to magnitude and the 
value selected forthe derivation of the threshold value 
may be taken from a specific location which may 
advantageously be situated approximately in the 

130 middle of the sequence of values. A powerful spurious 
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signal or an adjacent target will then essentially alter 
only the amplitude values at the end of the sequence 
(higher amplitude values) while the anticipated value 
at the location of the selected value and hence the 
5 thresholds value derived from this value remains 
largely uninfluenced. 

In a disturbed environment with a jump in the 
course of the disturbance power, such as may occur, 
for example, at the edge of an extensive meteorlogica! 
10 disturbance, CFAR methods of estimation with the 
formation of arithmetic mean values display a low 
probability of detecting targets and/or a comparative- 
ly high false alarm rate in the transition region from 
the region with a lower disturbance power to the 
15 region with a higher disturbance power. 

Echo signals from a target usually appear in a 
plurality of adjacent radar cells because of the spatial 
extent of the targer and the limited resolution capacity 
in azimuth and range. In order to avoid the self 
20 cutting-out of a target, that is to say the influencing of 
the threshold value by the target echo itself, it may be 
an advantage not to include the cells immediately 
adjacent to the cell under consideration (cell under 
test) in the environment taken into consideration to 
25 determine the threshold value. 

In the method described above, all the values of the 
environment considered of the cell under test are 
compared with one another. As a result, the device for 
arranging the values in order of rank is very expensive 
30 for relatively large neighbourhoods. 

Accordingly, a modified method as proposed 
above, provides that a plurality of component regions 
are formed from the radar cells in the predetermined 
neighbourhood and the echo amplitude values within 
35 each component region are arranged separately 
according to magnitude. 

As a result of the formation of a plurality of 
component regions from the radar eel Is present in the 
neighbourhood, the individual component regions 
40 remain smaller and can be arranged with little 

expense. The various component regions are fixed in 
relation to the particular radar cell under considera- 
tion and do not necessarily have to be disjunct. A rank 
sequence is formed from the amplitude values within 
45 each component region. One or more values are 
selected from the rank sequence for further proces- 
sing. These values are situated at specific locations in 
the rank sequence. The values selected from the 
component regions are again sorted into a value 
50 sequence according to magnitude and a value situ- 
ated at a fixed location in this value sequence is 
conveyed further for the derivation of the threshold 
value. 

The expenditure can be significantly reduced by this 
55 method and at the same time the essential advantages 
of a target recognition and disturbance suppression of 
a CFAR method with ordered statistics are retained. 

In a favourable manner, the individual component 
regions may be alike in shape and size, measured in 
60 radar cells in the direction of azimuth and range. Apart 
from the uniform treatment of all the component 
regions, such an embodiment affords particularly 
advantageous possibilities for the further reduction in 
expense. A further uniformity in the treatment of the 
65 plurality of component regions consists in that the 



specific locations in the rank sequences where the 
values selected for further processing are situated 
may be the same in the rank sequences of all the 
component regions. If all the component regions have 
70 the same shape and size, then as a result of 

displacement of the particular cell under considera- 
tion, a precise overlapping of an actual component 
region with another component region of a cell 
already considered earlier results. The amplitude 
75 values in the component region are still the same so 
that on a renewed arrangement in rank, the same rank 
sequence again results. From this, with the same 
specific locations, the same selected values again 
result. A particularly advantageous embodiment may 
80 therefore provide that during the processing of a 
component reg ion for the fi rst time, that is to say 
arranging the amplitude values appearing therein in 
order of rank and selecting one or more values from 
specific locations in the rank sequence, the selected 
85 values should be stored. If the same component 

region again crops up for processing at a later time for 
another cell under test, the amplitude values do not 
need to be subjected again to an arrangement in order 
of rank because the selected values are already 
90 available in store. With N like component regions to a 
ceil under test, an arrangement in order of rank is then 
only carried out for one component region, namely for 
the component region with the youngest amplitude 
value. For the other N-1 component regions, it is 
95 possible to go back to the selected values deposited in 
the store. A considerable reduction in expense results 
from this. 

In a preferred embodiment, only one value is 
selected from each of the rank sequences belonging to 

100 the plurality of component regions. 

For many cases it has proved favourable to move 
the maximum value on out of the selected values for 
the derivation of the threshold value. 

In an advantageous embodiment, two component 

105 regions which lie symmetrically to the cell under test 
and which, for example, comprise radar cells which 
are only adjacent in the range direction, are provided. 
In another preferred embodiment, a third component 
region is provided, apart from these two component 

110 regions and includes the cell under test as an 

environmental cell. This third component region may 
well overlap with the other component regions. 

In a preferred embodiment of the method according 
to the invention, only the echo signals from radially 

115 adjacent cells are used to determine the threshold 
value. As a result of this measure, only a small 
expenditure on stores is necessary. 

In a favourable manner, the amplitude value 
selected for the derivation of the threshold value may 

1 20 be simply multiplied by a constant factor in order to 
give the threshold value. For a variation in the required 
probability of false alarms, this constant factor is 
advantageously adjustable by the operating staff. 
For the optimum utilization of the advantages of the 

125 invention, the selected amplitude value preferably lies 
approximately in the middle of the sequence of the 
ordered amplitude values. In order to secure an 
estimated value at boundaries of disturbance regions 
which is sufficiently high for a low false alarm rate, the 

130 position of the selected amplitude value is offset from 
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the middle of the sequence in the direction of higher 
amplitude values. For the deliberate alterations of the 
required probability of false alarm or the probability of 
target detection, the position of the selected ampli- 
5 tude value inside the sequence may advantageously 
be adjustable. 

The method according to the invention for suppres- 
sing spurious signals may advantageously be rein- 
forced by a distinction between fixed targets and 

1 0 moving targets or disturbers. For this purpose, it may 
be provided that the echo signals should be subjected 
to a Doppler filtering before the evaluation according 
to the invention. In this case, on travelling through a 
Doppler filter bank, the echoes are allocated to one of a 

1 5 plurality of speed ranges according to the radial speed 
detected. Thus a simplified echo situation is already 
present for the evaluation of the echo signals of the 
radar cell raster allocated to one of these speed 
ranges. Since a target frequently appears in more than 

20 one speed range, a further advantageous embodi- 
ment of the method according to the invention 
provides that echo signals from a plurality of adjacent 
speed ranges should be arranged and compared. 
The invention will now be described in greater detail 

25 byway of example, with reference to the drawings, in 
which: 

Figure 1 shows the basic signal course and con- 
struction of a device according to the invention; 

Figure 2 shows graphically, the course of amplitude 
30 and threshold values for the case of two closely 
adjacent targets; 

Figure 3 shows graphically, the course of amplitude 
and threshold values for the case of the boundary of a 
disturbance region; 
35 Figure 4 shows the basic signal course and con- 
struction of a further device according to the inven- 
tion; 

Figure 5 shows the position of the cell under test 
with three component regions at three different 
40 moments; 

Figure 6 shows a particularly advantageous device 
for carrying out one form of execution of the method 
according to the invention; 

Figure 7 shows an example of the rank arrangement 
45 of a group of four amplitude values in successive 
cycles; and 

Figure 8 shows an example of the construction of a 
rank arranging device. 

In the device sketched in Figure 1 , the echo signals 

50 of radar cells following one another in range travel in 
steady succession through a fixed region window U. 
The region window fixes the limits for the region of the 
cell under test. The amplitude value of the cell under 
test is given by Y, the amplitude values of the radar 

55 cells of the region are designated by X. The particular 
cell under consideration is connected to the threshold- 
value comparator 6. The radar cells immediately 
adjacent to the cell under consideration are ignored 
for the determination of the threshold value. The other 

60 N values X from the region cells are supplied through 
tapping points of the device 1 for amplitude compari- 
son and arrangement. The amplitude values arranged 
according to magnitide are deposited in the store 2 by 
the device 1 . The store is organized in one dimension 

65 with store addresses from 1 to N. The stored values 



increase steadily from X, to X N , Xt< X 2 < . . . < X N . A 
specific store location, with the address k in the 
example shown, is connected to the read device 7 
which reads the amplitude value X k stored there to 
70 determine the threshold value. The derivation of the 
threshold value from the amplitude value X k read is 
effected via a multiplier 4 which multiplies the value 
read out by a constant factor deposited in the store 3. 
The output of the multiplied is connected to a device 
75 5 for preparing the threshold value which gives the 
threshold value for the target decision to the 
threshold-value comparator 6. 

In the simplest case, the device 5 may be omitted 
and the output of the multiplied may be connected 
80 directly to the comparator 6. If the amplitude value Y 
exceeds the threshold value, a TARGET is recognized, 
otherwise it is a DISTURBANCE. As the echo signals 
travel through the region window U, the values in the 
store 2 are re-arranged each time and so a new 
85 threshold value is fixed. 

For the case of two closely adjacent targets (Z1 , Z2). 
Figure 2 shows a comparison of the course of the 
threshold values over the range with the formation of 
arithmetic mean values (broken line) on the one hand 
90 and the method according to the invention (dotted 
line) on the other hand. Whereas the targets are 
mutually cut out by sharp rising of the threshold value 
derived from the arithmetic mean value, the threshold 
value remains practically uninfluenced with the 
95 method according to the invention and both targets 
are recorded separately. 

Figure 3 shows the corresponding comparison for 
the situation at the boundary of a disturbance region 
with a region of low disturbance level (A) and a region 

100 of high disturbance level (B) beginning abruptly. The 
threshold value derived from the formation of an 
arithmetic mean value gives rise to losses in target 
detection in the region of the transition and an 
increased false alarm rate, while the course of the 

105 threshold value follows the stepped course of the 

disturbance very well with the evaluation according to 
the invention. In order to avoid false alarms at the 
region boundaries, the location of the selected ampli- 
tude value is offset from the precise centre (k = N 2 ) of 

1 10 the ordered sequence in the direction of higher 
amplitude values (k > A/ 2 ). For k = N 2 the step in the 
course of the threshold value would coincide with the 
set in the course of the amplitude. 

In the device shown in Figure 4, only radar cells 

115 relating to one radar period are considered forthe 

sake of clarity. These are situated one behind the other 
in the range direction. During the processing of the 
radar signals, the particular cell Y under considera- 
tion, the cell under test, passes through the successive 

120 radar cells. The component regions I, II and II, which 
are fixed with regard to the cell Y under consideration, 
are displaced in synchronism therewith. The compo- 
nent regions are equally large and, in the example 
illustrated, each comprise six radar cells. In a real case, 

1 25 the number of radar cells per component region is 
generally greater. The component regions partially 
overlap. The amplitude values for a component region 
I, II or III are each supplied to a rank arranging device 1*, 
1 ( l or 1|M. The amplitude values of each component 

1 30 region are arranged according to magnitude in the 
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rank arranging devices 1 and deposited as rank 
sequences in stores 2 ( , 2,1 and 2,11. 

In the stores 2, a specific store location in each case, 
the third in the case of this example, is provided with a 
5 connection leading on. Thus out of the three rank 
sequences, the value appearing at the third place is 
selected in each case. The selected values W (/ W ( l and 
W|fl are supplied to a sorting device 8 which, like the 
devices 1, sorts out the amplitude values appearing at 

10 its inputs according to magnitude and stores them as a 
sorted sequence of values in a store 9. The value of a 
fixed location in this sequence of values is read by a 
read device 7 and supplied to a multiplier 4 for further 
processing. This multiplies the value read by a factor F 

15 deposited in a store 3. The output of the multiplied is 
connected to a device 5 for preparing the threshold 
value which gives the threshold value for the target 
decision to the threshold value comparator 6. 
Figure 5 shows how the cell under test Y with the 

20 component regions J, II and II fixed in relation to it is 
displaced in the direction of radar cells corresponding 
to the increasing range. The radar cell which form the 
component reg ion I for the cell Y at the moment 6, 
form the component region III' for the cell Y' at a later 

25 moment t', and the component region II' for the cell Y" 
at an even later moment t". The same amplitude- 
value rank sequence and hence also the same selected 
value W results for the component region II' and II" as 
for the component region I at an earlier moment. 

30 Recognition of this fact leads to a device as sketched 
in Figure 6. This device performs precisely the same as 
the device illustrated in Figure 4 but is considerably 
simpler in construction in comparison with this. The 
component region I contains the youngest amplitude 

35 value of all the neighbourhood cells covered by the 
component regions, so that, for this component 
region, there is not yet any rank arrangement from an 
earlier moment. Therefore, for the component region 
I, the amplitude values are arranged according to 

40 magnitude in a rank arranging device 1 and the rank 
sequence thus formed is stored in the store 2. 

The value W| is selected from a specific location in 
this rank sequence. This selected value W ( is given on 
the one hand to the first of a plurality of inputs of a 

45 sorting device 8 and on the other hand to the input of 
the register 1 0. The values selected from the various 
component regions I at earlier moments are already 
present in the register 1 0. The register acts as a delay 
line for the values fed in and is preferably constructed 

50 in the form of a time-controlled shift register. The 
register comprises two outputs at which the selected 
value Win for the component region III and the selected 
value W||forthe component region II are taken off. The 
two outputs are delayed by t'-t and t"-t respectively in 

55 relation to the input of the register (Figure 5). The 
selected values W, and W m are applied to further 
inputs of the sorting device 8. The processing of the 
values and the corresponding device are the same, for 
the further processing, as in the device illustrated in 

60 Figure 4. 

During the step-by-step advance of the cell under 
consideration and the region or component regions 
also displaced over the chain of successive amplitude 
values, a new group of values to be arranged results in 
65 each case, in which the oldest value of the previous 



group is replaced by a new value. The new value must 
be ranged at the correct place in the new group of 
values. 

The rank arrangement of a stored group of ampli- 

70 tude values according to magnitude is effected in a 
cycle comprising a plurality of steps, in successive 
cycles, the oldest value of the value group is replaced 
by a new value in each case, a rank is allocated to each 
value in the group, and each cycle is divided into at 

75 least three steps, and in the 1 st step, the oldest value is 
compared with all the other values and the rank of the 
values which are greater than this oldest value is 
decreased by one rank step, in the 2nd step, the oldest 
value is replaced by the new value, all the other values 

80 are compared with the new value and the rank of all 
the values which are equal to or greater than the new 
value, is increased by one rank step; and in the 3rd 
step, the number of values which are smaller than the 
new value is determined and the rank of the new vahje 

85 is fixed at the number thus determined. 

In an advantageous device for arranging the values 
of a group according to their magnitude, one of a 
plurality of like assemblies is provided for each value 
of the group. The assemblies are connected to one 

90 another and to the data outputs and inputs of the rank 
arranging device by a data bus (BUS). 

Replacing the oldest value in each case by a new 
value in each cycle means that the assemblies take it in 
turns in successive cycles, to replace their store value 

95 on the FIFO principle (First In- First Out). This cyclic 
rotation among all the assemblies is advantageous 
through the simple control of the assemblies in 
succession. Within a cycle, one assembly at a time is 
subject to a separate control for the fresh storage and 
100 the fresh determination of a rank value, while all the 
other assemblies are acted upon sumultaneously by 
the same control signals. The individual method steps 
and the connection of the assemblies to one another 
are coordinated by a control device. On the one hand, 
105 cycletiming is supplied to this which causes the 
stepping on to the next assembly for the separate 
control and the initiation of a fresh sorting cycle. A 
separate control is understood to mean control 
instructions or signals which only relate to this one 
110 assembly. On the other hand a subsidiary timing to 
control the correct sequence in time of the method 
steps within a cycle is supplied to the control device. 
The production of timing pulses with correct alloca- 
tion in time is familiarto one skilled in the art. Both 
115 timings may advantageously be derived from a 
common basic timing. 

In order to be able to carry out real-time processing 
of the signals, the complete sorting of a group and 
possibly a read out of the result of the sorting must be 
1 20 effected within the generally very short period of time 
which lies between the arrival of two successive 
values in thechain. 

The three method steps of the rank arranging 
method described above can be carried out simul- 
1 25 taneously for all the values in the group of values. The 
time needed for the sorting is therefor independent of 
the number of values to be sorted. With the usual 
processing of the data in parallel form, the sorting 
method according to the invention can therefore also 
130 keep step with very high data renewal rates such as 
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occur in radar signal processing. 

The demonstration example in the table of Figure 7 
is limited to groups of values with four values for 
reasons of clarity. The values present at the initiation 
5 of the first cycle are selected arbitrarily. Only after the 
4th cycle do pure values from the value chain stand in 
the four registers. The rank arrangement of the 
register values is therefore likewise only of import- 
ance after the 4th cycle. The freshly stored values in 
10 each case are emphasized in the row "Register 
contents-new". The rank counters have a counting 
range from 0 to 3 in the case of the example and in the 
position 3, in the event of a further counting step, go 
back to the counting position 0, and correspondingly 
1 5 from 0 to 3 when counting backwards. This construc- 
tion of the counters as counting rings is not obligatory 
but offers with the delivery of a carry signal, an 
advantageous possibility for control ling the read-out 
operation provided in a 4th method step. The sorting 
20 is terminated with the 3rd method step (3.S) within a 
cycle. The rank counter positions given in the last row 
(3.S) therefore represent the correct rank sequence of 
the values given in the row "Register contents-new" 
for the particular cycle, after the 4th cycle. During the 
25 1 st method step (1.S) and during the 2nd method step 
(2.S), like rank counter positions may appear for 
different registers but this does not matter. In addition, 
the rankcounterfor the register in which a new value 
is written, can be ignored for the rank sequence in the 
30 first two method steps, because its counting value is 
fixed in the 3rd method step regardless of the previous 
counter state. The rank counter position at the 
beginning of the 1 st cycle is optional. In this example, 
all the counters are set to 0 at the beginning. Since 
35 problems are most likely to be expected during the 
sorting if equal values, hereinafter called equal values, 
are present within one group of values, the value 2 is 
given as a new value in each case in the cycles 1 - 5 in 
this example. 

40 It will be recognized that, even after including equal 
values in the sorting, a defined rank sequence is 
produced. The rank among the equal values increases 
with increasing age of the value, so that the equal 
value replaced by a fresh value had the highest rank 

45 among the equal values, while a new equal value is 
sorted into the lowest rank position of the equal 
values. 

In this case, obvious equivalents of the method 
described are conceivable in which, for example, the 

50 oldest equal value may have the lowest rank among 
the equal values and a fresh equal value may besorted 
into the highest rank position of the equal values. Such 
variants are possible by simple modification of the 
allocation of the comparison decisions (smaller/ 

55 larger/equal) for thecounting settings (decrease, 
increase, sum up) from the device described. 

In a further 4th method step, the value at a specific 
location in the particular rank sequence, for example 
the highest value to which the rank counter position 3 

60 is allocated, can be read for further processing. 
Particularly when the specific location in the rank 
sequence from which a value is selected, is to be 
variable, it is a particular advantage if a basic value G is 
added to the number of the values which are smaller 

65 than the value freshly stored, in the 3rd method step, 



and the rank of the new value is fixed at this sum. The 
basic value is set so that, including the predetermined 
rank number, the value causing maximum counter 
position is always read out. This simplifies the 

70 construction as regards circuitry for finding the 

selected value. For example, ifthe register of the rank 
counter with the counter position 3 is always to be 
read out, then in the selection of the value standing at 
the first place in the rank sequence results in the basic 

75 value G = 1 etc. The rank counter position then no 
longer coincides with the position inside the rank 
sequence, particularly with ring counters as rank 
counters. 

The device in Figu re 8 shows an assembly 2. This 
80 may have the location numeral B1 among the plurality 
of assemblies. The next assembly with the location 
numeral B2 is indicated. The assemblies 2 are 
connected to one another and to the input and output 
connections of the sorting device through a 
85 bidirectional parallel data bus 1 (BUS). The data bus is 
always directly connected to the input RE of the store 
register 4 and one of two inputs of the comparator 3. 
The data appearing at the input RE of the register 4 can 
be written in the register by a timing pulse on the line E 
90 and are then available at the output RA of the register. 
Thus completly different values may be present at the 
input RE and output RA of the register. When a value is 
written in the register a value previously stored is 
simply overwritten. The output of the register is 
95 connected directly to one input K2 of the comparator 
3. The comparator compares the reg ister contents 
with the value present on the data bus and appearing 
at its second input K1 and accordingly delivers a signal 
at one of three outputs < (K1 smaller than K2), = (K1 
100 equal to K2) or > (K1 larger than K2). The > signal 

passes directly over the line Das a backward counting 
signal to the rank counter 5. 

The = signal and the > signal of the comparator 
each deliver a forward counting signal for the rank 
105 counter through an OR element 6. The mode of 

counting (forwards or backwards) which determines 
whetherone of the signals from the comparator 
actuates the counter, is set by the control device 8 via 
line Z common to all the assemblies. In the 1 st method 
1 1 0 step, for example, the mode backward counting 

(decreasing) is set, in the 2nd method step the mode 
forward counting (increasing) is set. 

The < outputs of all the comparators are connected 
directly to the summer 9. The number of the register 
1 1 5 values detected in this summer, which are smaller 
than the value present on the data bus, may also have 
a basic value G added to it in an adder 10. The sum 
value at the output of the adder 1 0 appears at the 
inputs of all the rank counters 5 via the common line R. 
1 20 The transfer (loading) into the rank counter is acti- 
vated via the line L connected with the control device 8 
but only in the assembly in the register of which a 
fresh value was stored in the same cycle. Th rough a 
signal on the line S from the rank counter 5, a gate 7 is 
1 25 controlled through which the contents of the register 4 
are read out onto the data bus 1 . In the 4th method 
step, only that rank counter which has a specific 
counter position, for example the highest counting 
stage, after the 3rd method step, delivers a signal over 
130 its MneS. 
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The interrogation of the rank counters can be 
effected, for example, via the control line Z. The use of 
counters which go back to the smallest counting stage 
(zero) on exceeding their highest counting stage and 
5 in doing so deliver a carry signal, is particularly 
advantageous. This carry signal can serve as a 
read-out signal on the line S. 

The read-out of the oldest register value in the 1st 
method step is effected by a signal on the line A from 

10 the control device 8 to the gate 7 of the assembly. The 
oldest value is stored in the register in which the new 
value will be written. The stored value is retained 
during the read-out and is only overwritten during the 
writing of a new value by a timing pulse on the line E. 

1 5 Leading to each assembly from the control device 
are signal lines E, A and L which transmit signals only 
for this one assembly during a cycle. During the next 
cycle another separate group of lines carries the same 
signals to the next assembly. The common lines R and 

20 Z and the date bus 1 are connected to all the 

assemblies during each cycle. The control signals on 
the line Z control all the rank counters in the same 
manner. The control device therefore switches on 
from one group of lines E, A, L to the next from cycle to 

25 cycle. For this purpose, the control device 8 preferably 
contains a location counter with the addresses of the 
plurality of assemblies. This location counter is 
switched on one place by each pulse of the cycle 
timing ZT. The cycle timing is generally equal to the 

30 data timing of the incoming values. The individual 
method steps within a cycle timing are controlled by 
the control device according to a sub-timing ST, one 
cycle timing step comprising at least four sub-timing 
steps. 

35 Also advantageous is the use of register-compara- 
tors which unite the store register and comparator of 
an assembly in one electrical component. 
CLAIMS 

1. A method of recognizing targets and suppres- 
40 sing spurious signals in radar equipment in which the 

surveillance area is divided, in azimuth and range, into 
a plurality of radar cells, and the echo signal of each 
radar cell is compared with an amplitude threshold 
value which is derived from the echo signals of the 

45 radar cells which lie in a predetermined neighbour- 
hood of the cell under consideration, wherein the 
amplitude values of the echo signals from the 
neighbouring celts are stored and arranged in order of 
magnitude and a value situated at a specific location in 

50 this sequence of values is selected for the derivation of 
the threshold value. 

2. A method as claimed in Claim 1, wherein the 
cells immediately adjacent to the cell under considera- 
tion are not taken into account in determining the 

55 threshold value. 

3. A method of recognizing targets and suppres- 
sing spurious signals in radar equipment in which the 
surveillance area is divided, in azimuth and range, into 
a plurality of radarcells, and the echo signal of each 

60 radar cell is compared with an amplitude threshold 
value which is derived from the echo signals of the 
radar cells which lie in a predetermined radial and/or 
azimuthai neighbourhood of the cell under considera- 
tion, wherein a plurality of component regions are 

65 formed from the radar cells in the predetermined 



neighbourhood, the amplitude values of the radar 
cells within each component region are each stored 
and arranged in a rank sequence according to 
magnitude, one or more values situated at one or 

70 more specific locations in the particular rank sequence 
are selected, the selected values are in turn sorted 
according to magnitude into a value sequence and a 
value situated at a fixed location in this value 
sequence is used to derive the threshold value. 

75 4. A method as claimed in Claim 3, wherein three 
component regions are formed, two regions lying 
substantially symmetrically to the particular cell under 
consideration and a third region including the cell 
under consideration and partially overlapping the 

80 other two component regions. 

5. A method as claimed in Claim 3 or 4, wherein the 
component regions extend, in azimuth and range, 
over the same number of radarcells, wherein the 
specific locations of the value sequence are the same 

85 in the individual component regions, wherein, during 
the first processing of a component region, the 
selected value or values are stored and wherein, 
during each further processing of the same compo- 
nent region, only these stored values are read out and 

90 further processed. 

6. A method as claimed in any one of Claims 3 to 5, 
wherein only one value is selected from the rank 
sequence of each component region. 

7. A method as claimed in any one of Claims 3 to 6, 
95 wherein, of the values selected, the maximum is 

further used to derive the threshold value. 

8. A method as claimed in any one of claims 1 to 7, 
wherein only echo signals from radially adjacent cells 
are arranged and compared. 

100 9. A method as claimed in any one of Claims 1 to 8, 
wherein the rank arrangement of a stored group of 
amplitude values according to magnitude is effected 
in a cycle comprising a plurality of steps, in successive 
cycles, the oldest value of the value group is replaced 

1 05 by a value in each case, a rank is allocated to each 
value in the group, and each cycle is divided into at 
least three steps, and in the 1 st step, the oldest value is 
compared with all the other values and the rank of the 
values which are greater than this oldest value is 

110 decreased by one rank step, in the 2nd step, the oldest 
value is replaced by the new value, all the other values 
are compared with the new value and the rank of all 
the values which are equal to or greater than the new 
value, is increased by one rank step; and in the 3rd 

115 step, the number of values which are smaller than the 
new value is determined and the rank of the new value 
is fixed at the number thus determined. 

10. A method as claimed in Claim 9, wherein a 
fourth step is carried out within each cycle, during 

120 which the value of the value group having a predeter- 
mined rank is determined and given out 

11. A device for recognizing targets and suppres- 
sing spurious signals in radar equipment in which the 
surveillance area is divided, in azimuth and range, into 

1 25 a plurality of radar cells, wherein the device comprises 
comparison means for comparing the echo signal of 
each said radar cell with a threshold value, rank 
arranging means for arranging amplitude values of 
the echo signals of radarcells in a predetermined 

130 neighbourhood of the said radar cell to be compared 
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threshold value from a value situated in a specific 
location in said sequence of values. 

12. A device as claimed in claim 1 1 , wherein a one 
dimensional store is provided for storing the arranged 

5 amplitude values and means are provided for reading 
the amplitude value stored in specific store location 
for determining said threshold value. 

13. A device for recognizing targets and suppres- 
sing spurious signals in radar equipment, in which the 

10 surveillance area is divided, in azimuth and range, into 
a plurality of radar cells, wherein the device comprises 
a comparator for comparing the echo signal of each 
radar cell with a threshold value, means for forming 
component regions from radar cells in a predeter- 

1 5 mined neighbourhood of the radar cell to be com- 
pared, a separate rank arranging device for each 
component region, for arranging the amplitude values 
of the echo signals from the radar cells of the 
particular component region according to their mag- 

20 nitude and a one dimensional store for receiving said 
arranged amplitude values and out of which the 
values selected stored at one or more specific store 
locations are made available, a sorting device which 
sorts out the selected values according to magnitude, 

25 a further store for receiving the sorted values and a 
reading device for reading the amplitude value stored 
in a predetermined location of said further store out of 
this location for use in determining said threshold 
value. 

30 14. A device as claimed in Claim 12 or 13, wherein 
the specific store location lies substantially in the 
middle of the store. 

15. A device acclaimed in any one of claims 1 1 to 
14, wherein the rank arranging device comprises a 

35 sub-assembly, for each value of the value group, 
having a read-write store register, a comparator 
having a first input connected to the output of said 
read-write store register and a rand counter counting 
forwards and backwards, and a data bus common to 

40 all the sub-assemblies to which a second input of the 
comparator and the input of the register are con- 
nected, means for reading out the register contents to 
the data bus, a summerfor adding up the number of 
values which are smaller than a newly stored value, 

45 and a control device for controlling individual method 
steps of the operation of the device according to a 
predetermined sub-timing and for starting afresh 
cycle according to a cycle timing. 

1 6. A device for recognising targets and suppres- 
50 sing spurious signals in radar equipment, in which the 

surveillance area is divided, in azimuth and range, into 
a plurality of radar cells, wherein the device comprises 
a comparator for comparing the echo signal of each 
radar cell with a threshold value, meansforforming 

55 component regions from radar cells in a predeter- 
mined neighbourhood of the radar cell to be com- 
pared, a rank arranging device having inputs to which 
the amplitude values of the component region with 
the youngest of the amplitude values of all the 

60 neighbourhood cells are applied a store in which the 
amplitude values of this component region are 
deposited arranged according to magnitude, means 
for selecting values from one or more specific store 
locations, a register in which the selected values are 

65 stored, a sorting device having first inputs of which the 



selected values from the store appear and second 
inputs at which the selected values stored in the 
register for the others of the plurality of component 
regions appear, and for sorting selected values 

70 appearing at all its inputs according to magnitude a 
further store for receiving the sorted selected values 
and a device which, for the determination of the 
threshold value, for reading the amplitude value 
stored in a predetermined location of the further store 

75 for determination of said thershold value. 

17. A method of recognizing targets and suppres- 
sing spurious signals in radarequipment substantially 
as described herein with reference to the drawings. 

18. A device for recognizing targets and suppres- 
80 sing spurious signals in radarequipment substantially 

as described herein with reference to the drawings. 
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